> 1 > E I >PiIRATK 



•■ h nr.,, 1 - !icats>«* 




1 i > i ' 1 i. N . K 


WO 9SW803S 


A6tM' 2$m, Amnmm 


At 








lui \ "» < »» 





"~ ' ■ i > \ TSUWi;, r;K;;fje:; s La 37s Feratlai:: Read Was;, 
v * - v, Suite A, HCf 

'ut-a 1 ' is. 



»3t( Stoles; AT, AM 
c ^ CX v ' s , 

OH, OM HR, HI), H>. ?L IS. IP. 81 , KG. hr fC8 K 
I LK, LR.LS.i L i Ml K x <k -<\ x \ 

VI < NO N'Z *>i s> SO 81 $5; Si St il K s 

IV, TB, V? * f ' . - ' i o Wiir > , 

serf M ' f ,\ ' ■ - .iw c 

LU, MC - i.!. Cf CB. « 

CM, OA, ON, GW. ML, MR, HE. SN, ID. TO). 



Polished 

! » ~ > , I,, f IV I, .<>! ! ' 



, j 5 v - h K I £>1T 1 - 

(ST) Afcsiftset 



126 




poor, oi ie&vaO.j;;; ocao; wsur.r; saia ;r;ier«a'>;a •in'f-r ay a; least k> oarc-airy may be i'wu-iatay wi-rua tne acaaee oy s;;oY!Ci;."-j> aae sss j 
bsk; elreaaa « Riao diffeasm Savers iii a coaxial layering of fojaipcr.eeas within rhe catheter. The device raay ah.o coinorise sa Siemens "living j 
a kiss one pair of oppose;; W rs-cesvar ■■iicrcseoii;, hsviag a space oo0.ve-.:; each nuctoeoiS of saic pair of rriicioeoea, the So receiver 
roiiooooils each rranpriaias; at Sea;;? ^ ' wirxiiriias, the a; i«3;a inree a.^ windings of siiio raicaixioi b having. maisg 

hereon ;iiiiscB!>! v.i;idi:ves so thai sparing betwsea; at isast pairs a?; sniSiviii-id «;oi5;iig5 wUhi-i the mic.iw.iMi'i tiiffs; f;y ai ieasS io 



Codes us*.i wemiiy 3i.««, pa.ny s.o the PCT a- fce CarM pagfs of yaniphlss p ; ;oHsning 



S<tsasK ax! fiareestrwm 



0*08 



T3« few Yogosisv 



KspshfK of K;lW;>. 



Russian f"'ctfcrsi»s 



WO 



PCT/US98/S7«76 




5 





The present invention relates to medical devices which are compatible 
wftfc procedures performed during magnetic resonance imaging (MR;), and 
i deh\ er drups durmg proe eeures 
10 * v . > ' e <„ reso , MR) au; n ;oc uk scs 





v ' mem which 

( ^ e * j m i v 

1 it J -> v ' 1 u 1 

15 ... , > >.< t 

^ j < > 'i t tE hi* 

delivery ate performed within the patient with minimally invasive techniques 
without major surgical opening of the patient, techniques have had to be 
dew op ^ w iV < r \ en v o* die procedure concurrent with the 
20 • su i ^ s i 

i area, but X-ray exposure for any extended 
s i s ascif harmful to the palictc 
does net provide any harmful radiation to die patient, bat the fiber optics may 
;We •! u\ erw w . j vide both Ihc iidn; u ' >an rbr> ewmg and a 
25 p ih for return o the light, t 1 ^ t permit be he surface sgi e 
s - n v ,< i wwc. s '< t ' hep>s o <-t\. 

eated). f i ptics ot « t r 

meed ■< i E s > n c oks gk il 
pro s r hat! >rmore.micr epic rocedun sue hymn dru 

30 delivery er eodovascular drug delivery or procedures. 

I -c.hn q\ w h;wt hse i , ".e < j v < . < o\u « ^ 

^ ,i,s vni - v s m a 
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^ \ n.. MR vvv-rcg 

capability and specific treatment functions, and especially where the reMioBShip 
of specific types of treatment and the MR receiver coils most be optimized boil? 
tor a treatment process and for MR viewing ability. 
S U.S. Patent No. 5,21 1,1 65 describes a tracking system to follow the 

v c m v ecu a b a mean n < 

a cathet i g radi fre< <i i Jo k t ett tk>n o rad 
, > ■? dished v j ath cesls io * s \ > * > s i - 
vary approximately linearly with position. The invasive device has a transmit 
1 0 cos! attached near its end and is driven by a low power RF source to produce » 
1 clxon>&). ti - ieid that can be detected by an array of receive cods 
<. ) >- < t n ^ •- J s x - , , s Sl 

ft ^ v. -n 

stent No - i < t be i a i noni >r t 

1 5 position and orientation of art invasive device within a subject. The device has 
w v vi o vhici s< it; vc i t c 

resonance ed by the MR active sample. These signals are 

deiet n the presersc - i i s have frequen 

v U Vi 1 i ^ 

20 pf the t plied gradient Signals are detc quentia y .applied 

t 1 C i ! t f v. 1 v { vS-St 

[13 TVeL 'iv'tP ^ i 1 i ) I 

and an MR active sample incorporated into a medical device and an MR active 
s ? iter i > k t 

25 U.S. Patent No. 5,375,596 describes a method and apparatus Mr 

dennvMny trsc position of devices such as catheters, tubes, c- -.o -o 
guide-wires and implantable ports within biological tissue. The devices may 
contain a transmitmr/dereotor mut haying an alternating enrrent radio- trequeocy 
i and a r the fill 

30 * < * ~ ^ re connected by a rer wableciip 
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> , f i t ' _ ^ M * 

is <e mettss/deieeior anit 

U.S. Patent No. 4,572,198 describes a catheter for use with NMR 

( ^ ! «U . >Cv.\ 

S magnetic field a; ihe tip of ! ca; heter, A loop connecting two conductors 
supports a d i ' which locally distorts th< nMR mags 

\;s i - ^ or: e - 1 osor . - m\ \ ^ <v • sonaac fog display 

U.S. Patent No 4.767d<~ s . • ^ v">, n> 

asid movement of an object in multiple degrees of freedom. The sensor system 
10 t * ! - f * ft. " t 

selected to provide desired sensitivity . 

Published PCX Applications WO 93/35872, WO 93/15874, WO 
93/1 5785, and WO 94/27697 show methods ef fixating tubing, including kink 
resistant tubing and catheters in which the catheters may contain reinforcing 
1 5 coils. Layer(s) of reinforcing materials may be deposited on and over (he 

circuit structt i parallel 

f k v i <. k \ L-Jo. > i s r ed on the 

20 oft;* j to ; rates along with electrical conductors coupled to 'hose component;; 

i. p s iork.donea„* rrak ist contact 
2onducton o; s lbs ties Ok or iuctor >att ns t the ml trate may 

be helical, circumferential, or longitudinal. Radio frequency signaling between 
ss . ted with a transmitting antei i d n 

26 u " v .... < - a rot-. - - 

j (eg « a- i ? 1 > N43 Circulation < cc»olsn§ luid vithit 
device is shown. 

i S latent No 5.27.*, 622 dc cribes a system for the fabrication of 
trncrostruciures (including eiectionic n^c recite nitty • and tlmt-fllm 
30 se c tuotis processes for use 03 

eioog tie substrates such as fibers or filaments. 
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U.S. Patent Nos. 5 J 06,455 and 5,269,882 describes a method and 
apparatus for fabrication of thin, film semiconductor devices using non-planar 
w h C va brme i 

T ^ ni No 5,167,625 das a 5 ] e sic ug delive? 

S c > mam an electrical circuit w h Is respo; 

. : r „ rume si ma a - eh uia be used to effect drug delivery. 

PCX Application WO 96/33761 (fifed 15 April 1996} describes an 
u c !>h'\ hi l iOt ^ lb! ddivenrip drugs < tuva s 

co spnsis g a p snp coupled to the catheter. A porous tip is disposed at a distal 
10 ends he catheter, t g porous to discharge an agent or dug a a > leetet 

site, The catheter may be customized during use by art expandable portion of the 
s w - ystem 

Martin, A J., Plewes, D,B. and Henkelman, R.M in "MR Imaging of 
Blood Vessels with an Intravascular Coil," J. Mag. Res. Iraag., 1992, 2, No A , 
15 pp , t .od for producing lugh-fesoiution magnetic 

\ ; ! . i ■ . ! u re , u 

v vo coaxial soles i > with the 

current srr> .-r v v 1 Jnecuors The coils had diameters ranging from 3 to 
9 mm. Figure 3b appears to indicate that sensitivity decreases as the coils 
20 2 rve t i 7 to 5 to 3 mm. Investigation of the Q valise/of 

^ v O-t c % vii t < J uh's ik i -> v l 

• e w as a j?eoe a. C/ ^ ih c^ t 

v» » i ^ . u yposed solenoid designs. Within the range 

tf< t I t <■ i s ^ dt)! i i r i X ^ > s i EX V v v M * c- 

25 ^ - ■ . -opioved performance and thinner wire to limit the overall coil 

dimensions. <. n circuitry is also shown ;o be useful in i nm the 
imaging functions with this catheter based system in MR imaging. 
Heist, G.C., liua, J., Duerk, J.I. and Choen, A.M., "Intravascular (Catheter) 
\ x 1 atno PtoK hvh 

30 t x t 24 Mh^hl^ i or 

^ theter-based receiver probe for NMRsiud; o ant 



wo nnms 



5 

, " > r ^ 

e sh v 5 was 

constructed with five turns of 28 gauge wire per solenoid, with 7.5 mm between 
solenoids and nominal solenoid diameters of 2,8 mm. with the probe resonating 
5 ' . -> , , ~ir \ a., r 

U.S. Patent No. 5.429,1 32 describes a probe system which may be used 
I i \ edure i s 4 U >sing xmniec 
positions along fee probe and a planar grid array of antennae. The signal s from 
the p < A m used to determine die three dimensional location of the probe. 
10 U.S. Patent No. 5.445,1 51 describes method * r a Hood slow 

acceleration and velocity using MR catheters having coils v hicb respond to RF 
signals M \\ $ i 

i e <F transmission pulse ed 5 ead 

S O , _ . ■■ V i > v v v it T 'J J( I 

1 5 the RF cod positioned upstream. The time delay and distance between the RF 
rr its Jt'f'iiiid veloci 
U.S. Patent No. 5,727,553 describes a catheter with integral 
electromagnetic kientiftcatkm device which may be used to determine the 
etcr without attendant i;se o < y cq >ment The 
20 electromagnetic field detection device includes a pair of leads incorporated into 
the wall of the catheter and a coil of fine wire located at die distal end of the 

Pa x f . , i i . v I j. es.de u 

coil, as may a radio-opaque strip.: 

25 x w s * ^ * l *o 3 i 1 " i ' i 

e e tone pair of opt RF rec i 

i ( vfw een t - th. . > 1 s <. _ -> . - < s . e> s\ e~ 
v c ng diameter h u 1 

4mm or morebbnt In many preferred systems may be less than 2,4mm or less 
30 than 2.6 mm . The device may comprise a catheter having at least one lumen, 
where the ai least one parr of microcoiis is radially located about the at least one 
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lyases imd the coils have diameters of greater than 0.1 mm and less than 2.4mm, 
although larger diameter wires in the coils may be used. The device may have 
so ports or at least one drag delivery port present within said device . The least 
one drag delivery port may be located so thai at least some drug which is 
5 delivered through said per; is delivered away from said device within said space 

i O ' n 1 Sir r i K I 

rre.er within said device which extend cutsmo oi sam devie J u t ^ 
s . liquid material within a volume bordered by planes extending radially from 
the catheter at ends of the at least am pair of mioroeeiis which define the space 
10 jet teac nierocf U ti said at. least one par; jfmicrocoiis Fht evict 
in response to radio frequency transmission, may generate a field which has an 

5 ens! , bin said volume than in comparable size volumes 
surrounding said catheter which are radially located directly over each, of said 

* , , J J ) S t v v.' **> 

IS binder material which, surromxis said lumen. 'The at least one pair of microcoria 
a preamplifier within a pes >.f said device which 
may be inserted into an organism. Where electrical connections are present 
withi n said device, it Is preferred that at least some of said electrical connections 
have been formed in situ within said dc\ ice 
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present invention. 

" V t I. , O V> l! i V i I i » i t f ^ <. J} 

e; 1 s nn the esthete* and e inn - n th ; t lthetes 

I-'igures 3a a»d 3b show sche us tw t s of dreamy for the 
catheter of the present mvemiom 

Pigare 4a. b, and c sbow^: graphic representations of Field Strength 
verses distance from the centsr of the gap between two opposed pairs of 

..^mre.s. 
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In the following detailed description of the preferred embodiments, 
references made to the accompanying drawings which form a part hereof, and in 
which is shown by way . K P 1 s o,m , specific preferred embodiments in which 
5 the invention may be > u These embodiments are described m sufficient 
derail to enable those s;ki lied in * t art to practice the u * and h is to- he 
md e no < 1 r v t t c i lent ma; he a [ , ural, logic 

phyweai. architectural, and electrical changes may be made without departing 
from the spirit am scope if the >rcsen invention t he folbwmg detailed 
10 description is, therefore, not to be taken in a limiting sense, and the scope of the 
present invention is defined only by the appended claims and their equivalents. 

pra eofcerta tspec the pre se e ire app sfolet 
t?e used with raagtu 1 es - \ 
< ^ v.n v. T i ^ > S % je - u a ,m\^ 

IS Features of the i - jtion v ich may individually have this general 

he twxw v)i RI v > , w 
cobs provided to medical devices to assure their MR-compatibilsiy, circuitry 
associated with ins devices, and means for directing 

1 he et device 

20 - » <. S S \ i 1 N \ , <. 

, en Oased on two coax c ,. \ b\ 

region and with the current driven in oppos u e< ss the two coils. 

One individual aspect of dm present invention is the esse of an opposed 
i evk tying tk 
25 ^ ~n s r m-o mo'ei mi c\ , sw.< 

" , e, < ;\s 'n*oi .vmc'^'J'v 

ve degree rotation vay ft ! perpendk i he si >v. 

receiver coikh usually vvith bee angles differing n<»n a name perpendicular to 
30 v ct about whi i T > >y + degree 

tne othe~coi! asrnsdMrt.d 5 on vat 
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dividual advances in the pot entio 
include the circuitry which is eonneeted to the coils, its budding within the 
device, and decoupling circuitry associated with die wires to the coils. Little 
specificity lias heretofore been provided within me ictu d c ngtaeering 

5 ; ' i h - si ~ u i • s which addr« 

wide range of functional needs within the device. This invention provides a 
■w advance in the design of such devices. 

Am -trer itea of irar ^ > <- 1 ' t - t ! . 
drag dehvery microeatfeeters within the radio frequency detectable device, with 
H) th ; etc Is being usable in a process lor detecting e actual deliver md 
j c s according to mventio described in co 1 v 

Patent Application Serial Number 08/857,043 filed on May 15, 1997 in the 
1 1 sueha «i d Michaej Moseiey bearing attorney's docket 

number SLWK 600.392US1 . 
15 Figure I shows a preferred drug delivery catheter 2 according to the 

■v v + ■ i , ' - > - 1 i - . 1 n 

through a port 6 in a tapered end 8 of the catheter 2. A first microeoil 10 is 

L* X X <. v 4 i l\i 11 1 i *"* ! <- \ S 

from the tapered end 8. A lead wire 14 is connected to the first microeoil 12. A 
20 second microeoil 1 6 is wrapped about the lumen 4 and the individual coils 1 8 are 
generally angled towards Pie tapped end 8, This pair of first microeoil 10 (and 
el c-rrcd to as 10) and second microeoil 3 6 (and 18, collectively 
v v *t ^ ! i>] i . m mv-!tl'ivi mdmdual eodf aPIO 

! v vi. t et *.r,vos H) \1 s. ndn dtu , < is tf 

v ; t b> ' i s5 eg .1 \e 

angles with spt t - - \-B vhk d j ! - the lumen 4 

fs i s i \ s ft v i he 2 \ a t 

< s i. i en 5 ' ^d 55 b 
< ^ o -,es^\ 

30 later. A lead wire 20 passes from the second microeoil U to electronic circuitry 
:» the lead \ 14 Iron r r t * li ! e s i 
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separation o ~r 1 re first tnicrocoil 10 and the second mk rocoii 1 ?> 

with wlnduheRI -esponsi field ri si vn from the eoUs 16 16 is the 
largest, it is within the space B outside of the catheter 2 in a zone defined by the 
? 4- atv. rd recoils 10 16 respectively) where delivery oi 
5 drug from microcatheters 24, 26, 28 aud 36 would be .most effectively observed. 

1*H 116 axe embed ie< in i s p£ mat rial 34 hicl 
may be a polymeric material composite material, inorganic material (e.g... 

the like. The composition of this material should be 
mocorapatabie, preferably a polymeric material such as a polyamide, polyester, 
10 v o .as tiu» t .u,v or other classes of 

organic polymers which are bioeompafable. This support material 34 may also 
comprise the composition of the tapered end S. Lead wires 36 and 38 leave the 
circuitry 22 for connections to outside controls and/or power sources. The ends 
24a, 26a, 28a, and 36a of the microcatheters 24, 26, 28 and 3D are shown, 
1 5 without their connection to a delivery system or pump for provision of agents or 
drugs being shown. 

The mtermicrocoii spacing B (as opposed to the mtramieroeoil spacing) 
o\ t r f s os-' I , w i iv v >. v. ,ee 

e i s c v e >\ > r v i ^ S\ r i^'i t <- s ', le \ » mm • ha 
20 device 2, whether a catheter or other device. The parameters which would be 

no the 

microeoiis would include at least the diameter of the field from the coils which is 
m - w ^ k ' ' " )o\ m j i er < . hd 

MM p ' , U 1 JO*' 

25 pr^ ^ i k*. v sj v " >t >\u id 5 ( v , i > 1 iv ,t \ ' 
is x iV ,vv,t tv. ^ peer, m m i 
\ "» s < 1 It lm . ] c i > 1 iv Ml. 

ierations si s the t he coils, the ct mpt s tio oi the 

is e n " k "e im- rcw 

30 cirenkr vmough eads snd the *. nne.sit.on m the nhe: material ^ thu tK 
catheter construction. 
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M ifhh said ( attests construction at the mo e p a ^ 15 fro i 

the tip) ma 5 (whk 1 ; k>a of la 

8), a second g da i e l r hioe< teria is ' it 

1 v i I e lppor r 1 n ! d ri e '4 yer37whk 

:3 covers and electrically iasul&tes the leads (wires) 36 and 38, and any 

preamplifier which may be present associated < the microcode from die 

si i d ng 39 « isch snav rot 1 yer around (radial \ awaj &om)the leads 36 
and 38 and/or preamplifier. 

Intracoil spacing and iatramicrocoil considerations (which overlaps 
10 v- n . , ^ h >n - -;\ , > 0 diameters 

should also be considered in c . ems at the presem 

invention. 

Coils, particularly coils such as imra-vascular RP coil in MRJ, can be 

1 K>logy at a reduced field <>i 
1 5 view (FO V ) with a high signal to noise ratio and spatial resolution. The moat 
fundamental <. 1 - in <■ rv of pciy. s i 1 e> usb 

: v -d solenoid coil. The reported cods axe two 
vouat »leao is o < id en ca geornevn a . rnifi n:u I diameter 
pi ■ . j v a common axis with a reversed polarity. That particular cod design 
20 leaves a lot of room for improvement, based upon considerations not disclosed in 
> ^ v 'h i no ai 

5 r< can be obtains \ 
optimization tor the current distribution within the coils To optimise the current 
distribution on die surface of the cylinder (e.g., assuming a cylindrical shape for 
25 ! dv\.<.o such as *k dn <. %> c^xvtn^st u re i dt 

<. s is HI U TO 0 

oe\ eloped and n> to be preferably used for our new coil 
t v s x ' * > 1 " i 

imdon'ody. The un-fenn dead strength is particularly important as certain 
30 5 te \ ■> 1 » ^ « ^ > es v. v. t 

' i c me images* or provide speu're ^T s v n 
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s bin \c am N c 1 , Jt\ery of a drug or lh<_ degree o- effect of: 

tre&iroenr represented by differences - T signa'i density;. 

v. u p ! >. \e< up ? 

- i < , y e < - e> nfe,ed or, ire surfst 

5 Under in th S appropr itic magnetic He 

n ! a cylint oil of radius oropo 

the magnetic field outside of the BP coil (>a> is gives as 

, v ^ ,< CU^^p),' 

iO where J^(ngk) denotes the aztmuthal coraponem of the surface current density 
Irs ihe expression above defined ss 

e 

and l„(t) and XJt) denote two kinds of modified Bessel {unctions ofntih order, 

e - ■ Os n , ris'ger te £ , L 2. 3, ), and l' m {t) and K' m (t) 

IS <\ \e^ u , i tot u* . o .i. <> I < an, k r 

list stored nagnetie enei t and gives 

i i v. ^ sponsion as 

20 has no ^component, these expressions for both energy and field are simplifies 

as: 

8 i p,z,$)~i^-~ j ,/yj 0, k)kK ( 'ikp u'Jka)e ***dk 
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1 1 VA , > ill ! > C v i t * 

distribution on the surface of the cylinder satisfying a set of the field 
lectio & an cne-i'v iu - j ) on 

defined as follows, 
ii n es <: + *\ 

< \ v £<Oal 



where jepresents a set of L multipliers. Tee ticks constraints specify a set of 
desired field values at a few points over an imaging volume of interest. 

Minimizing the energy functional with respect to the current density 
functional the s-iriafiurt to respect to the current density functional is 
10 performed: 

OF _ 6F 



«ptol;, . r i 4 ss } ! h 

as. 




Since J^{z) will h* mtisymmetn* f ; for the desires: field di bmios ! 
>e - • \ > ^ be expressed as 
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s he e? ' > current density into the fie t 
set of linear equation for the multipliers A can be obtained: 

Solving ths ne eldt nsir nt equations r I tt tjIjcj^ then 

S the airreni density can be determined from the expression involving these 
Lajigrange multipliers. For an RF coil of finite length (L), fee surface current 
(tensity can be expanded in terms of a sine series to a desired order, 

10 £ 

and J,, denotes a set of expansion coefficients for the current density. 

Then the genera > ^ \ in k-space for the s c rrent density 
for the finite length coil can be written as; 

15 where ¥ ;i (k.) is an odd function in. k, which is defined as 
J f (i ; - — - - — - — -- 



ws>mtm$ 



Using the i i i ion the 'corresponding expi jsions for stored 

s -^er.-t it'Ki J » an be written as 

2 ^ w,b-.-o 



j> — 2 ¥jk)kK a '(k (ka)i te » 
2it 2 « ' 

S The desired reception field distribution external to a coil can be 

translated into a few field constraint points at some selected locations. For each 

< i srrss SiRt points e del ned as 
z-O.OOG p =t» B - 1.0 
g.«0<Q05p»b 8-0,8 

10 

The constraints specify a required field homogeneity of the coil at the 
? i I \h * strains equations c 

radial component at various points of interests can be represented as follows 



15 For co s eeJ J mi energy expr ns ar xpn s 

-(■-■} 4 oU</ *p> < fic >Kfc: u» 



The v. stored energy u the eoii ss 
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Tne energy functional involving the field constraints equation is defined as 

2 

To seek fee mmimum condition of the energy functional . the F functional is 
minimized wife respect to fee current column vector J, i.e., 

f: -rw - XV* 

than we arrive fee following minimum condition equation involving fee current 
10 density, 

tYJ b X J - W ' 'b 

s v nsrnrnqiaio" n\ t u -\ - i t n 

15 im »o e swhv-j ( r I'-.-n i i j 

wMeh. .combines both minimum condition and field constraint equations above. 

Using these values for these Lagrange multipliers, the surface current ce&sitj 
for the coil can be uniquely determined as 

20 j * ir •* A 

a nd then fee current density is 



wo % 0035 ¥€rmsmmm& 
16 

The total current for one half of fee coil is given by 



If the number of turns is set to N a „, the individual current can be determined 
5 as 



The inductance of the coil with N turns on one half of the toil is, 

... 2W 

/* 

10 To determine the position for each current loop, the following integration of 
the current density is computed from the center of the coil, 

Thi; integration allow the finding of all the spatial intervals for a total of N 
different discrete current wire loops. The exact location of each wire along the 
15 t h-K 1 as he center oi mass over the corresponding interval. 



in conclusion, a means for optimization of the imracoi] distribution of 
coils within each microcoil in an opposed pair of microeoils may be based on 
>r Iteraative mathematic n sdeling ofth effe n< trrem, < 
20 pto ,, c > ^ h < 

scheme has been developed for a )"t ' , shaped RP coif the technique 
. v.isnu'Oav-o' > 1 \ -i'eno- 
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• * - eul r,mU i i 

rPraiummea t co 

efereoce - T ~ band vtil heh ex n the 

«. ' he withetsr h tiK 

5 present invention. Figure 4a shows the Field Strength (y axis) as a function of 

of opposed i •> separated by a distance of 2d. as represented by space 19 

in Figure 1). Figure 4a shows the d > r t ship io i findriea 

device having an opposed pair ofmierocoils with equal size of the individual 

10 windings and equal spacing between each of the windings. As can be noted fro 
s \tmtxm tkid strength Froax is a relatively sharp peak, and the 
filed strength diminishes as the li ;tarn t from the c< ct<t : i the gap (xpQ) 
changes. At a point halfway between the middle of the gap (with a dimension of 
6 from ends of the opposed microcoils closest to each other) and the ends of the 

1 5 opposed microcoils, the held strength will drop off significantly, typically 
v c 1 25 s . ~ >ofFiB&> hi rapid and hgt i k tnl c i tru < in the heh 
strength can reduce the capability of the device in providing the type and quality 
of image in certain procedures. Figure 4b shows an idealized version of a field 
si< - , ch can fee provided with dc - 

20 location, shape, thickness and v r> m of the :nico::oods f, c to the 

< tnhat on K ea'e alated rnathemahe; c <> n< en 

! . , t n ^ etiecnvexieid 

v« v v-a ! v' t!i i sou, j n the mad* snafu 
25 , .in e T e;.s nni - s 1 d etlect.\ 

^om toe comhnafon o ce is \ ^ « ! i 

shown m Figure 4c, where a less idealized, but significantly improved field 
strength distribution is shown. Figure 4c shows the relationship of field strength 
and position along the cylindrical device where the device has an opposed pair of 
3D xnieroco with spacing of 2d be v e i 

eoi i shown as 19 inl gyre 1 which has ctions of windii so its 
t v!» L' 15 .\ T ' , ' . 1 -~^,v , . vvent soacmg 
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between windings 13 and 15 as compared to the spacing between 15 and 17 on 
the same microeoil), The field "strength is more uniform near the center of the 
gap (where x*0) as compared to the opposed mierocoil structure whose field 

,n U , .v, J trength dots dimm-ah t> the o vt ^ > 
5 er gap increases, but the di m that i 

* i sniforni coil whx t gut ia, ahb jgh ess tiiaa that for the idealized 
results of 4b. The field strength can he expected to drop less than 20% between 
he a position d/2 vvhich is one half the distance from the 
te gap to t e end of a mierocoil It is preferred that the field 
10 strength diminish less than ! 7%, more preferably less than ! 5%, still more 
preferably less than 12%, and most preferably less thau 10 or less than 8% 
between the Fmax and the held strength at the d/2 point, midway between the 
center of the gap and a near end of the mierocoil. 

A device according to the present invention may also be described as s 
35 medical device for use within an organism, said medical device comprising an 
element having at least one pair of opposed RF receiver microcoHs having a 
space between each mierocoil of said pair of mieroeoils, said f receiver 

c sea t tleas livid ud at least tl 

individual ceils of said micro-coils having spacing between adjacent nacrocoih 
20 - rpacio tween at least two pairs of individual coils within said 
% diffei ?t H I pac ictwees t h s 

v (or ^ f 1 i 1 1 a i o ! 

microeoils reside and parallel to the axis of the cylinder (or other shape) on 
which the surface lies may be at least 12%, at least 15% or at least 20% or more, 
25 as compare* et mprover 

results in the field strength distribution within the gap, 

i v i„ v i„. jl -> % a tU > v i 
n v t a v s j ; i i * * i s ! j 

^ ) g ms fa pair of mk fhat t 5£ 

30 mk lee owards tl e gap n ty be located w 

- <le% fee and a second se ! ol n jcroemK t ^ s 
^ >■-? ) 1 ^a^tA.h^r 
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werkying tse crocoi veen coils in 

She sets of sim t t oils may be of the same • different thickness, 

the same or different spacing between coils, and/or the same or different angles 
(ahhoogh they both must be oagied towards or both be angled away from the 
5 gaps The device may have at least one set ofmscroeoUs wherein a naif of said at 
least one pair of microcolis comprises at least four windings having at least three 

between adj ni i r nsionsspaeel wee 2 and space 

wherein at least one of said at least three spaces does not equal the dixnejisipas of 
at least one other of said spaces, 
10 < * ' noiogtcsandstiucturtijeor^^ im~ v o- th. 

- i within the practice of the present invention, even if some of 

s . t r a ) i it r vtl I 1 v. p.cs^n 

invention. For example, the composition of the lumen 4, supp»n iuaivrtu! 34. 
n c hotel eas n (Itr s 
i 5 >. 1 if' xnmnu 

p let m,vs system may be provided by known 

<. ■> , v ! n. o J i 

1 oi un.Us > 
20 materials, and other R.F antenna materials known in the art} or by forming the 
filaments on . <r m cr : t mmer, Sueh tornv.m mmv. v o okou - 
deposition processes, growth deposition pnv - t ' £ 

1 . . 'IVUiVJ^ . JOO'! ' HxCVpOMtB- 

processes may include such varied technologies such as plating, eieetrbfcss 
25 plating, sputtering, seeded growth, (e.g., 4,775,536 and 4,710,405':. high energy 
ds - on or etc! g cesses (e.g U.S. Patent Nos. 5,389,195 and 5,332,625), 
enemies iepositio md&u log processes, etc. Fhe techniques 1 >vkung 
in t sii x s 06,455; 5,167 i 

5 ^ s - , \iem v i i) 1 1 , s i n<_ v. > ! > 

70 nf circuitry on ;d. one; say- articles and surfaces. 

Figure 2 shows a sectional view of a mid-range portion of a catheter 100 
according to one configuration which may be used in the present invention. A 
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* 182 is shown to have b d guidit 

element or deflector 106 so that and end 105 of the rnieroeatheier 102 extends 
out of the catheter 100 through a hole 108 m the wails of the catheter 100, 1'he 
102 h effected b> ht iefh 104 id rt 

5 deflector 184 beginning at a contact point 103. The hole 108 passes through 
what is ?hovu V, : s _ J 1 > layers 110. 112 and 114 
-v ,1 the ^Ukt: ^uds 'fine catheter 100 Ihe deflector 104 helps to 

guide the nneroeatheter 100 into and through the hole 108. There would fee a 

f 5 <• x ! -.Hi v,Mt I' > ~ tl„ I >K (. -x! i 

SO 1y" i i I lu Mth their own intrinsic ohcroeoils) and 

these raicroeatheters (not shown) exits from the catheter 180, unless two or more 

is eathe ers -vers: to exit fro n a single hole, which is not a preferred 
construction simply for the reason that this would cause a major portion of the 
effects of fee microcatheter (e.g., drug delivery) to occur in a limited area with 

15 s c surik f 1 s sOI 1 1 s i east thres 

deflect h h of at le&st three t 1 hrough at least three 

distinct eona. 

! is i so a 1"^ ! 

- ^ n to be e; c s r 112 

20 ca^Vc 100 Iv s > <. 

the catheter 100 that sig I $ cd b> t eroeoils 110 
arsd 11$ he as precise and clear as possible. The presence of other circuitry and 
,< v , s r x - ■ tkio with thii tvpe of performance. ,»nc so 
x c x 1 tk is c taken ivoid m\ < .roble v with 

2.5 i i v. j 1 v r.xUUsoni elite \dnovi^pdri Mkv* k - 

S < / ^ s > i * , x 120 ! 1*2 n ! ( 

ends 124 and 126 of the .raicrocoils 116 and 118, respectively, must not contact 
toco;.» 1K> and 118 exeen: ^ 

xv x v x ' \ £2n S V x. I -JCx 

30 ■ ^ ! " Kx ' s > o' 

There Is less structural potential for problems of this type with the proximal 
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mfcrocoil 116, because its end 124 may be connected to s -miv 122 and not pass 
over the coil circuitry . The wire 122 may therefore be located within the same 
layer 112 as fee coil 116. With the distal microcoil 118, the wire 120 mast pass 
back over both coils 1 16 and 118 and could contact or otherwise readily interfere 
5 i erocoiis 16 and .1 18 proven 

mkrocoiis 1 16 and 118 are shown within a single layer 112, but the wire 120 

\i > UH 'u\r atlnr of!24 i 

any electrical or electronic interference or interaction with the ends 16 and 118 
or other circuitry (not shown) ra the catheter 100. The separation of these 
10 respective elen irate layers can be accomplished according to 

eehn es vaikble within the genera! manufacturing art once the 
e <. uS \ i v e v \s I- or 

example, once microcoBs have been laid down (by wrapping, deposition or 
KOi i in u n k sv t 

15 - > s 112' O his protective or en< 

saver has been established (with appropriate electrical o -ci >■ points 

' her electrical or electronic connections), the other wiring or 
circuitry may be then ctmsrrueted or: that covering enclosing layer (e.g., .112). 
» \ < u n i f i t 1 1 

20 those processes used to make the coils or other processes known to those skilled 
in the art, including wrapping, gross application of premade circuitry, deposition 
of dread or wire elements, etching of circuits or wire elements, and Other 

v - h v >r i v i . ! s v. > i m 
of this optional structure within the practice of certain constructions of the 
25 present invention is to provide circuitry and/or wiring within distinct layers (even 
on) of T\- c.i 1 c location oi s 

wiring or additional circuitry is done with an intent to minimize crosstalk, 
in rfere i e, interaction ore j s-sntai to the 

performance" of the mi croc oils and circuitry. Specific interactive wave effects or 
30 k < eel vould Oc cohstderc - e 

S v s .'lilts 
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A composite t ' aecardisgio 

certain aspects of the present invention may concern 3 composite device (needle 

< 1 v vitha silt ami « 0 i * MR - < g ng 
spec Ti seop> no 1 lerapeutie 

5 procedure. The micro coil can be interfaced to a conventional MR scanner to 
■mags the pathological change of the region at immediate proximity to the coil as 

ethera \ » signal to noise r o 

interrupting he drug 1 slivering process. These ty pes of devices will become 
sgbh oe< 0 itis -mi . 0 ^ n-t <Sr 

10 ! rvune applications 

be omp< she d< cs $5 sho* 1 t it 1 T s 
illustrated in Fig. 1 . the catheter has a number of micro size tubes 24, 26, 28 and 
V. n ! a 1 it > - t . u, v o ? ol ~ % 

measnremeiits, drug delivery, material withdrawal, sampling, temperature 
15 moderation or alteration, electrical stimulation, and the like. At the tip of the 
catheter, there exists a micro coil 10 along with a micro sized pre-amp ifxeation 
unit 22 for MR imaging and spectroscopy. 

ml so! jommosite device z j - ie; 

micro-imaging coil which can be broken down into to or modular parts as shown 
20 in Fig.2: 

1} Optimized imagin cetrodc 

2) . Pre-ampiification and dee< u\ ag i egrated circ dt 

3) . Signal transmission and shielding 

4) . Remote matching circuit. 

25 v 1 v < p -\ ^ ? >t necessarily separate*! ifkss each other for a 

rp< cifk c ompoj it ie\ tcs design, the separation of modules are only meant for 
the ease of the f-dl'^uv. .ks.rgm-n 

j s w>- e ^ ^ ~ m e „e - n 

« m v, c t 1 1 \>n. m\t 1 

30 single loop, twisted wires, two opposed solenoids. Ail of these coil designs are 

v. -■<. tt m T ^ eUi v< s v^a 
s ■ - ^ <dk i t ri spect? e -.osl depends on its eor.duuor nauem. 
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For the opposed solenoids, the primary magnetic field flux for reception 
£ a out the ga xtween th< twe coils > direr, i n g ter 1 
perpendicular to the windings and/or the axis of the cylindrical device around 
r h i^v -\rtor t ; ivv *,s nvuit 

5 at least about three, more preferably between three and twenty, still more 

r ;>b ,e . tx-r^ e«t 4 arid l v tor each cod. and most p-ensan > to 12 cods 
with a diameter of each coil on the order of 0. 1 to 2.4 ma possible, more 
' ^ok . * < 5 to " 'in ,rt u „d uk f r Jerahh 0 ^-2 ^mm 

diameters arc used. By depositing die coils onto the surface, wider widths of the 
10 eing taken up coils, with thin 

of materials being deposited as the costs (e.g., with thicknesses of a few microns 
e uj t ti 1 1 ) U - v. v e j 

, tiKCvilu \ i * ' t s i. t i i ( 

x . ea u ^ s u 1 ill 

15 opihrdsatio;:;. For the solenoid coil design, one of the degrees of freedom is the 
j vu In ! h t s t v, n u \/ 

coil can be numerically optkabzed for producing id able receptt ieid 
pattern (uniformity) in space under the geometric shape constraint imposed by a. 
given e idea de< ec Using a tars ' 11 altera can be 

20 eusmeriealiy optimized to closely match any targeted reception field chut: The 
microeoils may be formed or wound with spacing of from 2.0 

>oter sides of adjacent coils is equal t the diameter < fas odividnai c lis tp 
to 10 coil diameters between cc.t, 
25 ktvv v x ' ^ . ] ~v * n a t h-n t 

coils,}. Preferably fee spacing is between 2.5 and 8 diameters, more preferably 
■v. ers. As note rt has suggests* ilm 1 i 

c c s with diameters ol han 2,8i 
colis are op? resen 
30 invention to haw the coil diameters less than or equal to 2.4mm. It Is also novel 
! e preset i i ivention to provide h . n sp ic ^ 

ach ha the cos 1 p id to ha th s 
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preferred 2.4mm and less. For example, the coils could easily be up to and 
t 1 5 30i up i nOran r ! he ike iclus >ft e 
preferred lower dimensions where the iniracoil spacing is vanes according to the 
ocaehinp of h;c present ^ r ! < 
5 Furthermore, (he material for the wire of coil can be a:»> n > ^ . . 

meed or metal alloys with a similar la ret susceptibility as that of the human 
. ! ' ^ ppee. sd\er AJ ano 

coppe.r~A.I composite. Both copper and silver are dia;r;agneue, and Ai is 
paramagsetk. For minimizing the Seid disturbance, the coil conductor wire can 
10 e s Cv 3d%co»uirp'ec»ncemucl^ < • 

- -9,7x10'* and A) % = +20,7x1 0 -8 ), The exact layer thickness or radios for 
1 iters it m< »v<ia be numerically opumized for different size of the 

- i or a zero susceptihi y cyiis cai shaped wire, the ratio of the radii is 
gives by 




IS 

To minimize (he mutual coupling between the microcoil and the volume 
r n icitation pli I t ated on 

the micro coil, 'During the excitation, such decoupling circuit element makes the 
micro coil invisible to the volume coil by detuning the resonant frequency of the 
20 v t insmittingRF frequency. One of the designs 

r CjUrcrcn sil 

unit includes a PIN diode denoted by i> in series with the two capacitors; (CM and 
> o ^ ^ \ c ' nviically and denoted by L The PIN diode D 

* u <x o- . . 

25 diode When she diode l> is switched on, die coil L arid two capacitors CI C2 
form a resonant circuit tuned to tm frequenc) 1 his is m improved ,eoo m oi 
i vt x m , U vi.n Ko ru<> -■-c > 

edei x erics > on on capac i ' w« bs =s tivc 
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ef „u transistor ma> be pro- led f< i 1 4 e< aeac> fo 

protect the PET' component or any other type of pre- amplification module during 
the RF excitation, a crossed diode can be placed in front of the PET, bypassing 
5 fx current our % 1 i i "<! i t 

The entire coil can be a comport- In another woj a?, the entire imag s u 
can be mat d" multiple coil t 

t n 1 !< • ! I C iUek, 

the 8 multiple il can ie siro ar > differe 1 f their geo u cat shape 

10 u t its <. t n i u v <- >u i 

debated o.n n j rfi.r • k-mnh . <■ . .d'huc: $ especial!;- b^ •vVnsiaer.wam of 
modeling as shown above). For this purpose, there are many choices for the 
active coil components: twisted wire, two parallel wire, coaxial cable, 
combinations of these, etc 

1 5 In addition to the variety available in the selection of the imaging coil 

component, various other components,, such as micro electrodes can be 

. see for the ceil or membrane potential measurement, 
pressure/Sow monitoring or other physiological monitoring. 

For optimal signal to noise ratio (S/N) or minimal resulting noise .figure, 

20 the MR signal detected would preferably have an immediate amplification tog., 
pieamphfication) in a location as close as possible to the coil element. The 
practical cju , rovidc enough root fo using any 

cons entiors s t co nponents P< the pi" x>se o mimmi 

of the electronic components which will be used tot various signal 

25 •> < v i > o ^ .liii <.g ,k ' 

circuit module in close proximity to the imaging module. The integrated circuit 
module includes a pre -amplification device (or unit at RF frequency I and other 

, ' 'vi!,i *U 1 i •■ t IS ! 

a 'ho same o 

30 non-magnetic easing compatible m sfupe tth a go. en snstremeV d ... 

> v m t i at v i -n 

of the integrated circuit technology., more elements cm be incorporated Into one 
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single silicoa module tor building more complex eiremiry to achieve a better 
performance. 

The preferred transmission module is a portion of the flexible cable 
i rhe cathete-- ' ; s i-> tsa. i'U- r i <u mr 1 iron aboa 
5 i coil 5.o a remote terminal for farther signal amplification and other repaired 

' ! ' s i >1 ■> i ! f * v po ( { £i 

ibie grated * e cad e e .v ? xih eabh 

bona U >w sigaa 
ter > minute MR sign he cthe en for the cable 

10 v i met exiirility and the si 

a catheter. For achieving these requirements, there axe a number of the possible 
i> i ' s l< U.jws 

1) A tri-coaxial cable ( a cable with a center line conductor surrounded by 
two content* v i e^ - <■ material). One variation of the cable js'tfcat&e. 

1 5 center conductor is wound in a helical fashion along the center axis of the cable. 

2) A shielded twisted wire cable { a cable with two twisted wires at fee 
center serrouaded by a concentric layer of shielding material). One variation of 
fee cable is that the two wires are wound in a spiral or helical fashion along the 

20; 3} A shielded parallel bi-poiar cable ( a cable with two parallel bi-poiar 

wires placed symmetrically with respect to die center axis surrounded by a 
concentric layer of shielding material ). One variation of the cable is that the two 
% a m v <-o spaa ti 5 o " ^e- j 

the sable. 

25 The shielding layer can be a layer of braided this conductive: wires as 

s i s ! 1 'Jul o * - 1 t 

grounded if desired) as understood in the art which may be provided in a 
. «^ o al v eviththeprac ce a xe rc mtimei in 

Yet another useful design is a concept of putting all the elements at the 
30 - or distal end The enuuie oacui s 5 ^ i s 

st ( , > m k or i *u > h i ss v lai 

s 1 a€ \ ) s ngei n 
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imps mcs -iementfl qi C) sa 

ss shit 

network exhibits a < n " or half wavelength property. 

The remc * the remote sa d o 5 

v ^ v. f i' the .m e- v>eJ at s J Hut ese s e r Ji\oi ,mi ^ e -enw.. 

match unit takes ! effective <n r> \ t ,m l ^ n > of the transmission 

> 1 impedance mi tehmg and free u*, t * 
design, both the transmission wire and the remote unit are used fat 
1 0 aceommmhm,; me uming and detuning, in order to take advantage oft.be 

nmm v;tv, me uir " ei otoe >rhnl w t 

tenr r --5 'ho * ,om rieqoe«o\ : mtetest is used, Otherwise a transmission wire 
i i etwork which shows the same effective quarter wave or half 
wave length behavior can be used. The coil tuning can be accomplished with a 
1 5 capacitor or inductor. In addition, the size of the unit is not constrained 
g« anctr cali> Since ;im device size lor this module is not an issue, more 
conventional electronic components ca» be used. Depending on a specific 
design, the remote unit can be very important or of no importance. 

Finally, the catheter tip has a stabilization mechanism incorporated. The 
20 . caih dm en, or ade of memory 

mcilv i <- - ^ ^ - uvM^d 
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WHAT IS CLAIMED: 

1 . A device for use within an organism, said device comprising as 
element having at least one pair of opposed Rp receiver rnkrocoiis having 
S n each rniet pair of a s,tl i > ( 

micfoooils ha tetes fie - than 2.4 mm. 

' »\Mt' ' ie'ein^u 

at least one lumen, and said at least one pair ofmicrocoils is radially located 

0,1mm and less than 2.4mm, 

3. The device of claim 2 wherein at least one drug delivery port is 
re sis mttea said device 

15 

4. The de vice of claim 3 wherein said at least one drug delivery port is 
»> x <. i v. t; : . e drag which its del 1 said port is 

' ' -ei^v-e > ^ V ee v,^ a ! \ ^ ^.e o - 

20 5. The device of claim 2 wherein micro catheters are present within said 

device which extend outside of said device to deliver at least some liquid 

t e eatne cr 

at ends of the at least one pair of microcoils which define the space between each 
icrov Iw ithin said at least < me pair oi microcoils 



strength w ahnrse than at comparable size volumes urn an Sit 

catheter which are radially located i w over each of said n > v 
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The de\ Ice oi • ns J ?, \ 4, 5 ot 6 wherein said at least one pair of 
i ! i said umei 

8. The device of claims 1.2, 3, 4 ? 5 and 6 wherein said at least one pair 
5 ofxmcroee-iis is electrically connected to a preamplifier within a portion of said 

i,<-<> \ 1 t * aae s£ 

9, The device of claims 1 , 2. 3, 4, 5 or 6 wherein electrics) connections 
are present within said device and at least some of said electrical connections 

10 ^ N > - < .^device. 

i x , - g an element 
s pair pi ives T coils having a spacs 

between each microeoii of said pair of microcoils, said RF receiver microcoils 
1 f each comprising at least three individual windings, said at least three indi vidua; 

m > ^ > 1 > l ill 1 V 1*5 

spacing between at least two pairs of individual windings within said mieroeejfs 
differ by at least 10%. 

20 3 i . The device of claim 1 0 wherein said at least one pair of RF receiver 

microcoils has a space between each half of said pair of microcoils, said at least 

R > w a ^ \>in->pr ia.M*kv, rsia., i sg a field 
•.a -.: cys.h maximum within a volume surrounding said space, and produces a 
i i o in . iom, t. \ ^ ■> 

25 v.- adv.w tv ate a midpoint position within said space and a near end of 
i i a i t i <> 1 1 i 

> , ! ^ .Mi \ s i < 

microcoils. 
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l he ce of c aim I! wherek - $tfc is no mors 

than 20% less than said maximum field strength, 

3 Il3v t iins 1 1 if.^ ;ro h ^ i t \ said 

5 muooeoih have V" of less than 2.4 mm, 

14. The device of claim 13 wherein at least one drug delivery port is 
present within said device and wherein said at least one drug delivery port is 
located so thai at least some drug which is delivered through said port is 
I G i d device hjn a volume above said space between ai 

t i iid ai east one pair of microcoilv 

1 5. The device of claims 1,2,3, 4, 5 and 6 wherein there are at least 
three separate ports within said device for delivery of drugs by at least three 
If- mkrocotheters through said ports. 

16. The device of claim 1 3 wherein within said device are at least three 
> a in i at least three i < i c r w ough said at 

rc > 

20 

17. The device of claim 13 wherein {here arc at least three separate ports 

J 1' ^ el i,n ^r c'ic! e ! s dvoogh 

said potts, 

25 18. The device of claim 1 7 wherein within sain device are ai least three 

t s io ca fvn v > , i 

least three ports. 

1 9. The device of claims h 2, 3, 4, 5 or 6 wherein at least one set of 
30 siv o , , ot^s a , >t of* r»' < ~ - -hi eppnscs j 

least four windings having at ieass three spaces between adjacent windings of 
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dimensions spacing L spacing 2 and spacing three, wherein at least one of said at 

' v spaa >es not cq s nsions oi t lea; one other fsaid 

spaces, 

5 20. The device of claim 1 3 wherein at least one set of mieroeoils 

i hall i )s> pair of nncrocciJ.se uprises at least four 
windings having at least three spaces between adjacent windings of dimensions 
spacing L spacing 2 and spacing three, wherein at least one of said at least three 
spaces does not equal the dimensions of at least one other of said spaces. 

10 

21 . The device of claims 1 , 2, 3, 4, 5 or 6 wherein a layer is present 
within said device which is radially exterior to electrical wires and/or any 

i i n n <. s r i - K 

for said ■.electrical wires and/or any preamplifiers associated with said micsocoiis 
1 5 , and said layer being electrically insulated from said electrical wires and/or any 
yw ; :<y;v:' m , -sedated with said nricrocoils. 
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